A 34 base pair tract of the simple repeating dinucleotlde d(AT)nd(AT)n cloned Into a 2.4 kb polyllnker plasmid vector undergoes a structural transition in response to negative superhelical colling. The transition has been characterized by 2 dimensional gel electrophoresis, mapping of SI, PI and T7 endonuclease 1 sensitive sites, and mapping of sites that are sensitive to modification by bromoacetaldehyde. After SI nuclease treatment it is possible to trap supercoiled species that are nicked on one or both strands near the center of the palindrome. These data show that the alternate state adopted by the d(AT)n-dAT)n insert is a cruciform rather than a Z conformation.
INTRODUCTION
The mechanisms by which gene expression can be influenced by superhelical torsion are only partially understood (1) (2) (3) . Superhelical torsion has been shown to cause a variety of DNA sequences to spontaneously undergo confonnational transitions. These transitions may serve as sensitive regulatory switches. For example: it has been reported that a Z-DNA tract in a cloned gene blocks transcription by J^_ coll RNA polymeraae (4) . Other structural transitions which could serve regulatory functions include transitions from the B form to a cruciform, to a melted helix and to a novel structure associated with anomalous protonation in polypurine-/polypyrimidine sequences (5) . Each of these transitions results in a reduction of the interstrand twisting number and the exposure of phosphodiester bonds to cleavage by nucleases that are usually regarded as being specific for single stranded polynucleotides.
In the course of the present work we have analysed the capacity of the major pBR322 and $X174 inverted repeats and an insert of the self- Evidence has previously been presented (9) showing that a B-Z transition can occur in d(GC)n-d(GC)n tracts in-vlvo in E. coll in response to chloramphenicol treatment. There has been no direct evidence for other types of torsionally induced structural transitions ln-vlvo. In the present work examination of in-vlvo topoisomer distributions has provided evidence that a B-cruciforra transition can occur in d(AT)n-d(AT)n tracts ln-vlvo under conditions similar to those previously shown to cause a B-Z transition In d(GC)n-d(GC)n tracts. The pBR322 and 0X174 palindromes do not appear to undergo a transition to a cruciform in-vivo under these conditions. d(AT)nd(AT)n is the first example of a sequence able to adopt a cruciform structure within an intracellular environment.
RESULTS

Helical unwinding associated with a transition in d(AT)n-d(AT)n.
Topolsomers of plasmid DNA molecules that contain a DNA sequence in which a local, torsionally Induced structural transition has occurred exhibit reduced mobility in electrophoretic gels relative to corresponding topoisomers of control plasmids (5) (6) (7) (9) (10) (11) (12) (13) . The reductions in mobility result from the release of torsional and bending stresses in the remainder of the plasmid. Quantitative analysis of the mobility shifts permit the degree of unwinding and thermodynamic parameters associated with the transition to be calculated. Figure 1A A transition of a palindromic sequence to a cruciform exposes residues near the center to attack by "single strand specific" (SS) endonucleases.
The right hand topoisomer series in Figure 1C shows a topoisomer ladder of a pDPL13 clone containing an insert of the Tha 1 fragment which includes the major inverted repeat from I&X174 (pDHX4). As shown in the right hand topoisomer series of figure IE a transition in this relatively short palindronic sequence was detected by selective SI nuclease nicking of pDHX4 topoisomers containing exposed residues (22) . Trapping experiments. (A) pAT34 was treated with either SI nuclease or T7 gene 3 product endonuclease 1. SI digestion conditions are similar to those described in figure 4 , and El digestion conditions are described in figure 7. After the digestions were terminated the samples were loaded onto a 1.5X agarose gel (same buffer as for first dimension electrophoresls in figure 1 ) and run at 4V/cm for 2 hours. The gel was then soaked for 4 hours in the first dimension buffer containing lug/ml chloroquine. The gel was then turned 90 degrees and electrophoresed for 2 hours at 4V/cm in a second dimension. The illustration accompanying the photograph indicates the lanes for each sample. (1) SI digest-15Z nicked, (2) SI digest-5Z nicked, (3) untreated control, (4) El digest-50Z nicked, (5) El digest-40Z nicked. N-nicked, L=linear, S-supercoiled, TN-trapped-nicked, TL-trapped-linear. Nicked and trapped-nicked molecules were eluted from agarose gels, digested with an appropriate restriction enzyme and end-labeled. After removal of the second end-label samples were electrophoresed on DNA sequencing gels with the appropriate standards. agarose gels and the nicked material was recovered. pAT34 and pDHX4 were digested with either HindlU or EcoRl and end-labeled. In pDPL13 a Bglll site is located approximately 150 bp away from the major pBR322 inverted repeat sequence and this site was used for end-labelling this plasmid. After the second end-label was removed samples were applied to 8Z denaturing acrylamlde gels with DNA sequencing standards. (B) SI digested pAT34, (1) Hindi11-labeled, SI digested-201 nicked (2) Hindi 11-labeled, SI digested-35Z nicked (3) EcoRl-labeled, SI digested-35Z nicked (4) EcoRllabeled, SI digested-40Z nicked. (C) SI digested pDHX4 (all samples were Hindlll-labeled), (1) 35Z-nicked (2) 30Z-nicked (3) 15Z-nicked. (D) SI digested pDPL13, (1) 30Z-nicked (2) 15Z-nicked. Inverted repeat regions in each plasmid are outlined on the autoradiograms. Note that fragments generated by SI cleavage are one residue longer than the corresponding fragments produced by chemical cleavage.
residues) may confer sufficient additional kinetic stability to permit the nicked Intermediates to be trapped.
Exposure of dA residues in pAT34 to modification by bromoacetaldehyde Bromoacetaldehyde is a reagent that selectively modifies adenine residues in which the Nl atom is exposed and dC residues in which N3 is exposed (26). Bromoacetaldehyde modified dA residues in the d(AT)n-d(AT)n insert were mapped through the enhanced sensitivity of the positively charged «-A residues to acid induced depurination. As shown in figure 6 only the central dA residues within the d(AT)n-d(AT)n insert were modified by this reagent. This result shows that despite the relative insensitivity of these particular residues to SI nuclease the bases of these residues were the only ones exposed to the medium. This result is not compatible PI Treatment of pAT34 and pDPL13. lOug allquots of pAT34 and pDPL13 were treated with either SI nuclease or PI nuclease. SI digestion conditions are as indicated in Figure 2 . PI digests were carried out in SI buffer at either pH5 or pH7. For the pH5 digests .OOlug of PI nuclease (P-L Biocheraicals) per lOug of supercoiled DNA was used. For the pH7 digests .006ug of PI nuclease per lOug of supercoiled DNA was used.
(1) SI digested pAT34, (2) PI digested pAT34, pH5, (3) PI digested pAT34, pH7, (4) SI digested pDPL13, (5) PI digested pDPL13, pH5, (6) PI digested pDPL13, Bromoacetaldehyde treatment of pAT34. Bronoacetaldehyde was prepared from the diethyl acetal (Aldrich) by hydrolysis with 2 vols 0.1 M HjSO^ and was extracted from the aqueous phase by methyl-tertbutyl ether. 50 uL of the Bromoacetaldehyde solution in methyl-tertbutyl ether was dried down under an air stream ("10 uL bromoacetaldehyde). 1 ml of a solution containing 20 ug of pAT34 in 0.1 M NaAc, 5 mM MgC12 (channel 1) or 0.1 M sodium cacodylate, 5 mM MgCl? pH 7.0 (channel 2) was added to the bromoacetaldehyde and mixed. Following incubation for 2 hours at 2 3°C the reactions were terminated by butanol extraction of the bromoacetaldehyde followed by ethanol precipitation of the DNA. Following restriction endonuclease digestion and end labeling samples taken up in 275 uL 0.1 M sodium acetate pH 5.0 and depurinated at 90°C for 4 minutes. Following ethanol precipitation, samples were cleaved by incubation in 20 uL 1M piperidine at 90°C for 30 minutes, dried under vacuum and applied to a DNA sequencing gel. Channel 3 is a control showing non-specific depurination of the d(AT)n-d(AT)n insert in 0.1 M NaAc pH 5.0, at 90 C in the absence of pre-treatment with bronoacetaldehyde, "T" is a DNA sequencing channel of non-treated end-labeled DNA cleaved at thymine residues by osmium tetroxide/piperidine treatment. Figure T_ T7 endonuclease 1 digests of supercoiled and relaxed pAT34. 50ug of pAT34 was completely relaxed by treatment with topoisomerase 1 isolated from chicken erythrocytes. Native and relaxed pAT34 aliquots were then digested with T7 endo 1 in .05M Tris-HCl, 3mM MgCl, 5mM P-mercaptoethanol (pH 8). 20ug of DNA was incubated with .5 units of T7 endo 1 for 10 min. at room temperature.
(1 unit of T7 endo 1 converts 10 ug of form I DNA to form II In 10 min at 23°C). Digested samples of relaxed (R) and native (N) pAT34 were divided into aliquots such that endo 1 cleavage sites on both strands could be mapped. Top strand mapping was performed by labeling at the EcoRl site. Bottom strand mapping was carried out by labeling at the Hindi 11 site. Fragments produced by endo 1 digestion are one residue longer than the corresponding fragments produced by chemical cleavage.
1a 1b 1c 2a 2b 2c 3a 3b 3c Figure 8 In vivo transition In pAT34. Cultures of E.coli (HB101) harboring pAT34, pDPU3, or pAT34 plus pDPL13were grown under two sets of conditions. In one case the cells were grown in M9 medium (+ .4Z glucose + .5Z casamino acids) at 37 degrees C and harvested in mid-log phase (lane a). In the second case the remaining cells in the cultures above were treated with chloramphenicol (lOOug/ml) »and harvested either one (lane b) or 18 hours (lane c) after the addition of the drug. Plasmid DNA was purified (33) and approximately one ug of DNA from each culture was loaded onto a 1.5Z agarose gel containing lOug/ml chloroquine phosphate. Electrophoresis was carried out for 18 hours at 3V/cm. (1) pAT34, (2) pAT34 + pDPL13, (3) pDPL13. Densitometric traces were made in order to determine the Gaussian center(s) of each native topoisomer distribution (arrows). 
